
I'

REPORT DOCUW
I.REPOORT SECURITY CIAS~iCATION mrA ¶I 56,

U•'C a~S fll "gI... D --) "12a. SEICURITY CLASSIFKCATGN AUTHORITY AD;
NA ..... cj•..on Unlimi(ited

25. OBO ASS (KAT10NIOiOOWNGA,ýiNG SC.8iOULI

NA _
4. ERFOMlr4IG ORGANIZATION REPORT NUMSBR(S) i S. MONITORING ORGANIZATION REPOR UBaER(•)

04. NAME OF PERFORMING ORGANIZATION &b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATIONt;

lIT Research Institute I _.______ Office of Naval Research

6 AOORE5S (C7ty, . 147te.v 7b. ADDRESS (C)it, State, and ZIP Cod*)
uepartmenT or •nrefscry 800 North Quincy Street
10 West 35th Street Arlington VA 22217-5000
Chicago, IL 60616 A V

ft. NAME OF FUNOINGISPONSORING 8ab. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION IOf AppIkibik)

Office of Naval Research I0NR N00014-89-K-0054
Sc. Ar)ORESS (Ci) State ,ja ZIPCod4) 10. SOURCE OF FUNDING NUMBERS

800 North Quincy Street PROGRAM PROJECT TASK WORK UNIT
Arlington, VA 22217-5000 ELEMENT NO. NO. NO, ACCESSION NO

if. TITLE f(rxs!)dQ Socuerty Ca-nfcatiort)
Enzymatic Detoxification of Chemical Warfare Agents: Inmbillization of the Enzyme
for Material Surfaces

12. PERSCONAL AUTHOR(S)

K. S. Rajan
I3s. TYPE OF REPORT O3b. TIE COVERED 14. DATE Of REPORT (ar, ,1orith, Day) S, PAGE COUNT
Final .[OM TO 1991 January

16. SUPPtEMENTARY NOTATION

None
17. COSATI COOES 18. SUBJECT TERMS (Cornqti o i r~wrif 7,,ven/ ,eei, e, vb 4ock n" mi,')

FIELD GROUP Isu-GRoup DFPase, Squid type, PhosphonofTluoridates, UbP, Sarin,
Soman, Immobilization, Fabric, Nylon, Cotton, Polyester,
Enzymatic

19. ABSTRACT (Conftmnu on rvv•n if necesiswy and idermf'y by 6• c m nm-)

>--'The objective of this research is to investigate feasibility of iumobiliiing
squid-type OFPase on fabrics such as nylon, polyester, cotton and polyester-

cotton blends and on polyethylene glycol. Large quantities (about 15,000 units)

of the enzyme was prepared from the hepatopancreas tissues of East Coast (ECHP)

and West Coast (WCH9) squid belonging to the species, Loligo Pealil and Lallgo

Opalescens. The purified enzyme preparations were characterized by their

activities against diiopropylphosphorofluoridate (DrP), isopropylmthyl

phosphonofluoridate (WfIN) and pinacolylrethyl phosphcno1luoridate (SONIAN) and

their kinetic constants (Ký and V'). The enzyme- imobilization study inclkded
20 CATRIBUT!ONIAVAILARILITY OF ABST.R1ACT . 21. ABSTRACT SECURITY CLASSIFICATION

MUNCI.ASSIFIFOAJNLIMITý0 C SAME AS RP•, 0OTIC US•,i Unclassified
22a NAME OF RESPONSI3LE iNOIVIOUAL 22b TELEPHONE(tfUd# ArCoe) 22 CE SYMBOLM. Marron 1(202)696-4760 . Of NR

DO FORM 1473. aA MAA 63 APRI edit*on m•y bqe uisd until *xhavited. SECURITY CLASSIFI(A,ýTIOF THIS PCIGEAll Other ed'(it o~ns ,ie oblxoItl. 1 IfY_. .•A •N__ • C.



"ABSTRACT (Continued)

the exploration of different preactivation methods Involving treatment with (I)

glutaraldehyde, (ii) triothyloroni ultetrafiuorabcrate (TTFB), (iii) trsy1-
chloride, (lv) isocyanide, (v) cyanuric chloride and (vi) KOnO.-oxidation.

Results of examination'of the OFPase-itobilized matrices showed agent-specific

activities (DFP, SOW, and SARIN) in the range 3.5 to 17.7 units/gram. A number

of the. retained up to 90% of their initial enzyme activity over a 90-day period.

This is indicative of a good potential for this technical approach squid-type

DFPase.
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Progress Report on Contract No. N00014-89-K-0O54
IITRI Project No. C06692

Principal Investigator: Dr. K. S. Rajan
Contractor: lIT Research Institute

Chicago, IL 60616

Contract Title: ENZYMATIC DETOXIFICATION OF CHEMICAL
WARFARE AGENTS: IMMOBILIZATION OF THE
ENZYME ON MATERIAL SURFACES

Research Objective:

The overall objective of this research is to investigate the feasibility

of immobilizing the agent-specific enzyme, DFPase, on fabrics and one or more

suitable matrices that can be subsequeatly used in an aerosolized form for

detoxifying toxic agents such as diisopropylphosphorofluoridate (DFP),

i soproplymethylphonofluoridate (SOMAN) and pinacolylmethylphosphonofluoridate

(SOMAN). The specific objectives of this research are:

(i) to prepare sufficient quantities of the enzyme, DFPase,
from the hepatopancreas (HP) tissues of squid belonging
to the species, Loligo Pealii (East Coast Squid, ECHP)
and Loligo Opalescens (West Coast Squid, WCHP);

(ii) to carry out enzyme immobilization experiments on
polyester, nylon, and cotton fabrics and polyethylene
glycol;

(iii) to determine the nature and extent of the enzyme
immobilization achieved and to establish optimal
procedures;

(iv) to determine a preliminary agent-detoxification profile
of each of the enzyme-imnobilized matrix samples
prepared in (2) above;

(v) to initiate a study on the stability of the immobilized enzyme.

PROGRESS

ENZYME PREPAPATION

The enzyme, squid-type DFPase, was prepared in substantial quantities from
the hepatopancreas tissues of WCHP and ECHP by means of the procedure established
earlier by this group. Their DFP-, SOMAN-, and SARIN-detoxifying char3cteristics
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were determined by using the fluoride electrode method which involves the

determination of the concentration of the F" ion released by the reaction of

DFPase on the substrate, i.e., DFP, SARIN and SOMAN. Briefly, the method of

preparing DFPase consisted of the following. The tissue homogenates of the ECHP

and WCHP were subjected to centrifugation to remove debris followed by ammonium

sulfate precipitation, P-30 gel filtration and DEAE column chromatographic

separations. The "agent-active" fractions from the P-30 gel filtration column
were concentrated by ultra filtration, applied to DEAE Sepharose column and

eluted with a 0 to 0.3 M NaCl gradient in bistrispropane (BTP) buffer. Eluate
fractions rontaining the purified DFPases were collected and analyzed for their

enzyme activity and protein contents. The kinetic constants, KM and V.Ax for the

DFPase preparations were 3.3 x 10-2M and 39 p moles/min/mg protein respectively

for SOMAN and 4.3 x 10"3M and 110 p moles/min/mg protein for DFP. The average

molecular weight of the DFPase preparation determined by polyacrylamide gel

electrophoresis was in the range 30-36,000 Daltons.

IMMOBILIZATION OF OFPase

Enzyme immobilization studies were carried out on the following materials:
nylon, polyester, cotton, and polyester/cotton blend fabrics and polyethylene

glycol. Samples of each of the above materials were pretreated and "activated"

before "anchoring" on the enzyme. A number of different methods were employed

for chemically preactivating the matrix materials, chief among which were the
following: (i) glutaraldehyde, (ii) triethyloxonium tetrafluoroborate (TTFB),

(iii) tresyl chloride, (iv) isocyanide derivative, (v) cyanuric chloride and (vi)

KMnO 4-oxidation. Selected conditions for the pre-activation of the matrices such

as (i) the concentration of the preactivating chemical, (ii) duration of the

preactivatlon reaction and (Ill) temperature and their effects on the extent of

immobilization of DFPase were investigated.

Results of this exploratory study appeared very promising and they

indicated a need for a systematic investigation of this approach. Average values
of the agent-specific activities of the different enzyme-immobilized matrices are

briefly summarized below:
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(0) DFPase immobilized on nylon preactivated with
glutaraldehyde using polyethyleneimine spacer showed an
activity of 11.0 ± 2.4 units;

(ii) By TTFB-preactivation, a maximum value of 17.1 units/g
of nylon filter matrix were obtained;

(III) By tresylchloryl preactivation, DFPase-immobilized
cotton fabric matrices showed activities in the range
3.5 to 5.9 units/g; and

(iv) DFP-immobilized cotton duck samples showed a maximum
activity of 7 units/g.

(NOTE: I unit - , moles Agent hydrolyzed/min/mg enzyme protein.)

Studies were initiated on the storage stabilities of the enzyme-immobilized
fabric matrices. Preliminary results indicated that the immobilized DFPase

retained up to 90% of its initial activity over an 80-90 day period.
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